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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The aim of this document is to clarify the terms of the field of “integrated optics” and to define a unified
vocabulary. It is expected that this document will be revised periodically to adopt the requirements of
customers and suppliers of integrated optical products. At a later stage, it is planned to add definitions
from other International Standards which deal with integrated optics.

Some of the definitions are closely related to definitions given in IEC 60050-731. Wherever this can lead
to misunderstanding, integrated optics or integrated optical waveguide should be used together with
the defined term.

© IS0 2021 - All rights reserved v
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INTERNATIONAL STANDARD ISO 14881:2021(E)

Integrated optics — Interfaces — Parameters relevant to
coupling properties

1 Scope

This document defines the relevant properties for coupling lightwaves into and out of integrated optical
chip i i (o fTeud T i ses on butt
coupling via the waveguide endfaces. The definitions provide the basis for specifying the el¢ments to be
ed (e. g. fibres, integrated optical chips) related to coupling properties.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, onlyJthe edition cited [applies. For
unddted references, the latest edition of the referenced document (in¢luding any amendments) applies.

ISO #4288, Geometrical Product Specifications (GPS) — Surface~texture: Profile method + Rules and
procedures for the assessment of surface texture

[SO 11807-1:2021, Integrated optics — Vocabulary — Part<}’Basic terms and symbols
ISO 11807-2, Integrated optics — Vocabulary — Part 2:Terms used in classification

IEC §0793-1-20, Optical fibres — Part 1-20: Measurement methods and test procedures — Fibte geometry

3 Terms and definitions

For the purposes of this document, the’terms and definitions given in ISO 11807-1 and ISO [11807-2 and
the fpllowing apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia;-available at https://www.electropedia.org/

Note [l to entry_ Alist of relevant terms and symbols can be found in Annex A.

31
adiapatic coupling
coupling of fibre and tapered waveguide or two waveguides one of which, at least is tapered to utilize
mode coupling without optical power loss for maximum coupling efficiency (3.9)

3.2
anti-reflective coating of endfaces
thin film coating on the endfaces of optical chips designed to reduce the Fresnel loss (3.15)

3.3

array block

mechanical alignment structure of micrometre or submicrometre precision for the reception of optical
fibres adopted in single-fibre coupling (3.21) and fibre array coupling (3.12)

Note 1 to entry: The alignment structures, which are generally arranged in a regular pattern, determine the

position of the fibres with respect to each other. These positions are defined by the fibre's cladding diameter and
the geometry of the alignment structures.

©1S0 2021 - All rights reserved 1
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Note 2 to entry: An array block may have additional guiding structures for the alignment of the array with an
integrated optical chip (see e. g. V-groove array, fixed alignment structure).

3.4
beam axis

line connecting the centroids defined by the first spatial moment of the cross-sectional profile of
the power density distribution of the guided lightwave at successive positions in the direction of
propagation of the lightwave

3.5

butt coupling

coupling of
or nearly in

3.6
chip endfaq
optical face
chip-limitin

Note 1 to ent

3.7

vaveaguide and fibre twao waveoguides or twao fibhros with their endfaces in nhusical ca
o 7 o 7 ) Sdalad

physical contact

e
t
b plane, which contains the optical interface(s)

ry: See Figure 1.

chip side facet

chip-limitin
Note 1 to ent

3.8
chip surfac
plane on the

Note 1 to ent

b plane, which contains no optical interface(s)

ry: See Figure 1.

3
top or bottom of the chip parallel to the plafie of the waveguide(s)

"\
!

ry: See Figure 1.

tact

5
Key
1 chip side facet 4  waveguide surface (top)
2 waveguide endface/optical facet 5  chip surface (bottom)
3 chip surface (top)/optical facet
Figure 1 — Integrated optical chip structure
2 © IS0 2021 - All rights reserved
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39
coupling efficiency

ratio of the optical power coupled into the endface of an optical element 2 (e. g. fibre core or waveguide
endface) to the emitted optical power at the output endface of the element 1 (e.g. fibre and waveguide)

n=pr /P
where

ictha ontical mavarinta ontical alamant 2 A+ +ha innuat andfacq.
15eRe-6pHcarpewe oo pttarere ettt Hputenaace;

N

Pl is the optical power from optical element 1 at the output endface;

Note|[l to entry: See Figure 2.

3
1 2
Key
1 dlement1 3 P,
2 glement 2 4 I
Figure 2 — Schematic.of two-endface coupling
3.10
coupling loss
a

loss pf optical power obtained whenthe lightwave is coupled from the output endface of one optical
element 1 (e.g. fibre core or chipenidface (3.6)) into the input endface of another optical elehent 2

wherte

P,  isthe.optical power in optical element 2 at the input endface;

P, _is:the optical power from optical element 1 at the output endface;

Note [Ldo,entry: Coupling losses can be caused by e. g. radial, axial or angular misalignment or unnjatched mode

f' ld Lok 1; 1 PR PN | RN H 1 £11 N £L3 .3
1e . 1I'1IT Luupuus TUSS 15 LUIIT lUsdl ICIIITNIC vadruc Ur L1IcT Luupuus ClllLlCllLy.

Note 2 to entry: Coupling loss is expressed in decibels (dB).
[SOURCE: 1SO 11807-1:2021, 3.6.5, modified —Note 1 to entry was added.]

3.11
fibre array
array block (3.3) with inserted and fixed optical fibres, in which the fibre cores are aligned in one plane

©1S0 2021 - All rights reserved 3
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3.12
fibre array

coupling

coupling that connects several optical fibres simultaneously with several corresponding waveguide

endfaces

Note 1 to entry: The fibres are already arranged and fixed in the array block. The pitch of the array corresponds
to the pitch of the integrated optical chip. The method of alignment between the fibre array and the integrated
optical chip and the way of fixation depend on the type of the fibre array.

3.13

fibre arrays coupling deviation

difference

(3.11)
3.14

fixed alignment structure
hanical structure to enable coupling of optical and electro-optical elements without the

precise med
need for adj

EXAMPLE
optical chips

3.15
Fresnel los
loss of optic

3.16

index matc
refractive iy
waveguide §
layer (3.18))

3.17
pitch
D
distance bef
Note 1 to ent

3.18

A/4 layer
optical coati
where ng =

n, and n,

Note 1 to ent

lIstment

Elements coupled may include optical fibres, fibre arrays, detectors, lasers, LEDs, and integ

D
hl power caused by reflection at the interface of two media with different refractive in

hing
dex adjustment by inserting at least one of the interfacial layers between two medig
endface) with different refractive indices in“order to reduce Fresnel losses (3.15) (e. d

ween the centres of adjacent'fibre or waveguide cores, which may vary along the bean

V: P D) are defined as pitchin the x-, y-direction, respectively.

ng with a thickness of A/(4ng) to minimize (ideally vanishing) the interference by refleq
/nq -ny , is the refractive index of the coating when the refractive indices of two medi

Fy: A4 layers are usually used at optical interfaces (e.g. waveguide endfaces) to air as an alterr

to index matq

otween maximum and minimum r‘nnpling losses (? 1(\) of the cinglp fibres in qfihrp array

rated

dices

(e.g.
Wz

axis

tion,
A are

ative

hing.

3.19

reference mark
mark used as reference for alignment of optical components

3.20
reflective c

oating of endface

thin film applied on the waveguide endface to give a desired reflectance

Note 1 to entry: A/4 layer is one of the examples of anti-reflective coating of endface.
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le-fibre coupling

coupling that connects each optical fibre to the corresponding waveguide of the integrated optical chip
individually

3.22
V-gr

oove array

array block (3.3) structured with a number of V-grooves, generally equally spaced, with identical
geometric dimensions

Note 1 to entry: Asilicon V-groove array is commonly manufactured by anisotropic etching of the silicon substrate.

The

3.23

waveguide surface (top)
chip{limiting plane on the top of the waveguide

Note

Note

4 Properties relevant to coupling

4.1

In the following, the characteristics, reference systems, classes for tolerances, and losses 4

that

blocks and optical fibres relevant to coupling.

4.2
The

in millimetres. If the chip endfaces (optical facets) have been inclined, e.g. to minimize re

incli
(e.g.

1 to entry: See Figure 1.

General

hre necessary for the unambiguous description of the properties of integrated optical

Chip geometry (see Figure 3)

Himensions of length, L, width, 4} and thickness, T, as well as their tolerances shall

ned angles shall also be speeified. Deviations of the chip endfaces, fusets, and surfaces fi
bow) shall be specified.@All"deviations from flatness and facet roughness are examined

a —>

X

2rNs

a

4.3

nalac oftha cilican \J groovac ava o Hdafinad bhuthao cructal ariontation and tha otching nnn.—ln-ions
HETe5-o++te-Sihrceh—v w-err-eere ey C .

P to entry: Two waveguide surfaces on different waveguides should be in.direct contact or aligned with very
close|proximity for adiabatic coupling.

re provided
chips, array

be specified
flection, the
rom flatness
in 4.5.

~
A

Direction of propagation.

Figure 3 — Coordinate system and dimensions for integrated optical chips

Waveguide geometry (see Figure 4)

The dimensions of distance of the reference mark, R, pitch, p, and depth below the surface, D, as well as
their tolerances shall be specified in millimetres.

© IS0 2021 - All rights reserved
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The tolerances, expressed in micrometres, of the values of the pitch, p, shall be referred to the reference
mark for each single position.

The preferred dimensions: 0,125 mm, 0,25 mm and 0,4 mm, are recommended for the pitch, p, but are
not mandatory.

4.4 Fibre

To reach thd
deviation),

dimensions
of cladding,
are in millin

Measureme

Figure 4 — Position of the waveguides in the chip

tolerances

necessary low coupling losses with fibre arrays (and-fer'minimizing fibre arrays cou

t is normally necessary to use optical fibres with\tolerances. Thus, tolerances fo
of optical fibres shall be specified as follows: cladding diameter tolerance, non-circul
core diameter tolerance, non-circularity of core, and concentricity error of core/clad
hetres.

ht shall be carried out in accordance with, IEC 60793-1-20.

For polarization maintenance, the deviation of the'core concentricity in this case describes the devi

of the near {
according td

4.5 Endf:

Measureme

The dimens
edge A and
axis of the v
flatness of @
are in millin

ield centre from the geometrical centre of the fibre. Additionally, the spot size of the
4.6 and the coupling loss shall be indicated.

ice properties (see Figure 5)
ht of Ra shall be carried out in accordance with ISO 4288.

ons, angles andyradii and their tolerances shall be specified as follows: angle between
hip endface9/angle between chip surface (top) and chip endface y,, angle between of
yaveguide-and the normal of the chip endface y; are in degrees, and radius of chip edg
hip endface (see Figure 5) d, and arithmetical mean deviation of the roughness profi
netres:

Endface coa

ings (e.g. reflective coating of endface, anti-reflective coating of endface, A/4 layer) sh

pling
- the
arity
lding

htion
fibre

chip
tical
e ry.,

y
le Ra

11 be

indicated.
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